Introduction and Main Results {#Sec1}
=============================
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                \begin{document}$$\begin{aligned} \mathcal {H}_K(z)=\sum _{k=1}^K \mu _k \exp (\lambda _k z),\quad \text {where } \mu _k\in \mathbb {C} \text { and }\lambda _k\in \overline{\mathbb {C}} \text { are parameters}, \end{aligned}$$\end{document}$$appears in many contexts in Science and Engineering, in particular, in time series analysis, physical phenomena modelling and signal processing. There exist numerous state-of-the-art analytical and numerical methods for solving the corresponding data fitting problems, see the overview in \[[@CR2], [@CR5], [@CR7], [@CR9]--[@CR12]\]. One of the main challenges in the area is that the exponential data fitting is ill-conditioned in many cases \[[@CR10]\]. Among other things, this can be connected with the behaviour of exponential sum parameters (such as $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _k$$\end{document}$ in ([1](#Equ1){ref-type=""})). In particular, one can find in \[[@CR6]\] a family of *g* whose corresponding parameters of ([1](#Equ1){ref-type=""}) tend to infinity thus making the interpolation process divergent.

To address this disadvantage, we consider in this paper a modified version of the exponential sums ([1](#Equ1){ref-type=""}) and introduce and solve the corresponding Prony-type data fitting problem. Moreover, we prove that the parameters in our exponential sums are a priori well-controlled and thus can be found via a stable numerical framework, in contrast to those in the sums ([1](#Equ1){ref-type=""}). Let us move to the formal description of our approach.
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Theorem 1 {#FPar1}
---------
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Let us mention that the system ([12](#Equ12){ref-type=""}) is not only related to ([1](#Equ1){ref-type=""}) but plays an important role in different areas of approximation theory and is closely related to Hankel matrices, Gauss quadratures, moment problems and classical Padé rational fractions (a survey can be found e.g. in \[[@CR6], Section 2\] or \[[@CR8]\]).
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Numerical Experiments {#Sec4}
=====================

Experiments below show the difference in the behaviour of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H_K$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {H}_K$$\end{document}$ in numerical processes and illustrate Theorem [1](#FPar1){ref-type="sec"}. In fact, one can use any suitable numerical method for finding the parameters of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H_K$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {H}_K$$\end{document}$ as the examples below are constructed to be independent of the method (see \[[@CR2], [@CR5], [@CR11], [@CR12]\] for the methods suitable for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {H}_K$$\end{document}$; any numerical method for non-linear least squares can be adapted for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H_K$$\end{document}$). We produced calculations using Maple 2019 tools with 200 significant digits and same environment for both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H_K$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {H}_K$$\end{document}$, to avoid the influence of a particular method and its precision.
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Conclusions {#Sec5}
===========

In this paper, we considered the exponential sums with equal weights ([3](#Equ3){ref-type=""}) in the context of the Prony-type problem of fitting data (the table ([2](#Equ2){ref-type=""})) in the sense of non-linear least squares ([4](#Equ4){ref-type=""}). We showed how the parameters $\documentclass[12pt]{minimal}
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                \begin{document}$$\delta $$\end{document}$ in ([4](#Equ4){ref-type=""}) (see Theorem [1](#FPar1){ref-type="sec"}) that is in sharp contrast to the case of parameters in the well-known Prony exponential sums ([1](#Equ1){ref-type=""}). Furthermore, in several special numerical experiments, we compared the behaviour of the sums ([3](#Equ3){ref-type=""}) and ([1](#Equ1){ref-type=""}) and demonstrated that ([3](#Equ3){ref-type=""}) do not produce divergent data fitting processes while ([1](#Equ1){ref-type=""}) do in some cases.

Due to the periodicity of the exponential function, one can think that $\documentclass[12pt]{minimal}
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